Background and Purpose-Initial National Institutes of Health Stroke Scale (NIHSS) score is highly predictive of outcome after ischemic stroke. We examined whether grouping strokes by presence of individual NIHSS symptoms could provide prognostic information additional or alternative to the NIHSS total score. Methods-Ischemic strokes from the Greater Cincinnati Northern Kentucky Stroke Study in 2005 were used to develop the model. Latent class analysis was implemented to form groups of patients with similar retrospective NIHSS (rNIHSS) item responses. Profile group was then used as an independent predictor of discharge modified Rankin and mortality, using logistic regression and Cox proportional hazards model. Results-A total of 2112 stroke patients were identified in 2005. Six distinct profiles were characterized. Consistent with the profile patterns, the median rNIHSS total score decreased from profile A "most severe" (median [interquartile range], 20 [15] [16] [17][18][19][20][21][22][23][24][25]) to profile F "mild" (1[1-2]). Two profiles falling between these extremes, C and D, both had median rNIHSS total score of 5, but different survival rates. Compared with A, C was associated with 59% risk reduction for death, whereas D with 70%. C patients were more likely to have decreased level of consciousness and abnormal language, whereas D patients were more likely to have abnormal right arm and right leg motor function. Conclusions-Six rNIHSS profiles were identifiable using latent class analysis. In particular, 2 symptom profiles with identical median rNIHSSS were observed with widely disparate outcomes, which may prove useful both clinically and for research studies as an enhancement to the overall NIHSS score. 
T he National Institutes of Health Stroke Scale (NIHSS) measures neurological function in patients with signs and symptoms of stroke. 1 It has been well validated 2 and is commonly used in both the clinical and research settings. The NIHSS neurological examination includes 15 individual elements that measure motor and sensory function, language and speech production, vision, level of consciousness and attention, and neglect. The elements are summed to provide an overall assessment of stroke severity, with the score ranging from 0 to 42. Stroke severity at onset has been associated with mortality, functional disability, length of hospital stay, and recovery. 3, 4 Initial NIHSS total score is highly predictive of outcome after ischemic stroke (IS). However, even among patients with mild strokes, defined by NIHSS scores between 0 and 5, approximately one third have significant disability after stroke. 5, 6 The use of an overall score has found that the individual components that contribute to that score are, for the most part, considered equal; and interpretation is the same for a total score of 10 whether it indicates severe loss of consciousness or motor weakness. Latent class analysis (LCA) is a technique that can be used to identify groups of individuals with similar response patterns on measured variables, optimizing the use of the individual components and their clustering to form identifiable phenotypes. The study objective was to examine whether grouping strokes by presence of individual NIHSS components could provide additional or alternative prognostic information to the total NIHSS score. determining temporal trends in the incidence rate, causes, treatment, and outcome of stroke in a biracial metropolitan population of ≈1.3 million. Data for 1-year study periods have been collected approximately every 5 years, beginning in 1993. This present analysis is restricted to the 2005 study period and uses the 1999 study period data for validation. ISs in patients 20 years and older where included. The GCNKSS methods have been described in detail elsewhere. 7, 8 Briefly, research nurses extracted information from the medical charts of all area residents who were either inpatients or discharged from an emergency department with primary or secondary stroke-related International Classification of Disease, Ninth Revision (ICD-9) discharge codes 430 to 436 at the 16 hospitals active in this area in 2005. All stroke-related visits to public health clinics, hospital-based outpatient clinics, and family practice centers were reviewed. In addition, potential stroke cases in a random sample of 51 of the 832 primary care physicians' offices and 25 of the 126 nursing homes in the area were assessed. A similar sampling strategy was used during the 1999 study period. Sampling weights were not included in this analysis for both simplification of the methods and because the interest was on behavioral relationships and not necessarily population relationships. 9 All potential stroke events were reviewed by a study physician to determine whether a stroke had occurred. If the potential case met the clinical criteria adapted from the Classification of Neurological Disorders III and epidemiological studies of stroke for cerebral ischemia, then it was included in this study as an ischemic case. Only 1 IS event per subject was included, recurrent IS events within the study period were excluded from the current analysis. Death after stroke was tracked using study records, the Ohio and Kentucky death registers, and the Social Security Death Index. To ensure completeness of overall survival data, survival status was truncated at December 31, 2009, for 2005 and at December 31, 2003, for 1999 (ie, patients alive after these dates were censored at that time). Institutional review boards of all involved research institutions and hospitals approved the study protocol.
Retrospective NIHSS
The original intent of the NIHSS was to be scored at the time of patient evaluation with symptoms of stroke, but this is not always possible. Williams et al 10 developed an algorithm for computing the NIHSS score from the patient's medical record of physical examination and history. The retrospective NIHSS (rNIHSS) has been shown to be scored adequately from the initial history and physical examination documented by a stroke team physician, and the magnitude of the NIHSS score does not influence the validity of the retrospective scoring method. 11, 12 The rNIHSS validated scoring method was used in this study.
Data Analyses
Because of the majority of scores on the rNIHSS being 0 or 1, items were dichotomized as normal (0) versus abnormal (≥1). LCA was used to combine the 15 dichotomized rNIHSS items to classify stroke patients into discrete profiles. Stroke patients with similar patterns of presence or absence of rNIHSS elements are grouped together within a latent profile. The latent class model differs from traditional models, such as ordinary least squares regression analysis that describe only those relationships between observed variables, by including ≥1 discrete unobserved (latent) variables. The resulting model parameters are: (1) the proportion of subjects within a given profile membership and (2) the probability of having a score ≥1 for an item given that profile membership. In this study, an example would be the probability that a member of profile A has an abnormal score for rNIHSS item best gaze. The latent class model requires that the number of latent classes be specified, and the ideal number to specify is commonly determined by increasing the number of classes and assessing model fit in a stepwise fashion. Initially, 2 classes were specified in the model. The number of classes was deemed optimal at the point when no statistically significant drop in model fit was noted with an increase in the number of classes. The Lo-Mendell-Rubin adjusted likelihood ratio test, average posterior probability, and group membership probabilities were also used to assess model fit. 13 The analysis was implemented using finite mixture modeling in Mplus 5 using maximum likelihood. 14 Once the appropriate number of classes was determined, class membership was used as an independent predictor of clinical patient outcomes: 30-and 90-day mortality, time to death, and modified Rankin (mRS) at discharge ≤1 or back to baseline. Kaplan-Meier life table analysis, Cox proportional hazards, and logistic regression models adjusted for age, race, sex, and prestroke mRS were used for analysis of the outcomes. In addition, the analysis was repeated among those patients with mild strokes defined by rNIHSS scores ≤5 and included rNIHSS total score in the models.
The 2005 profile groupings were validated by applying the 2005 profile pattern to the IS events collected during the 1999 study period for patients who were 20 years and older.
Results
A total of 2244 clinically defined IS cases in patients who were 20 years and older were identified in 2005, of which, 15 cases were excluded because of missing rNIHSS assessment. For patients with >1 IS occurrence during the year, the rNI-HSS from the earliest case was used. A total of 2112 patients with IS were included in this analysis. Characteristics of this study group are shown in Table 1 .
In determining the optimal number of latent profiles, a total of 6 latent class models were evaluated, with the number of latent profiles specified as 2 to 7. On the basis of model-fit criteria, a 6-profile solution was deemed adequate.
The 6 distinct profiles identified within the IS cases from 2005 are shown in Figure 1 . On the basis of the profile patterns, we labeled the profiles as severe (profiles A and B), moderate to mild (profiles C, D, and E), and mild (profile F). Profile A (222 patients; 11% of the total) represents severe stroke with decreased level of consciousness, facial palsy, abnormal motor function on the right side, language deficit, and slurred speech. Profile B (150 patients; 7%) also represents severe stroke but with some decreased level of consciousness, facial palsy, abnormal motor function on left side, and slurred speech. Of note, all patients with IS in Profile B had abnormal left arm function (P=1.00). Profile C (208 patients; 10%) captured strokes with language deficit and signs of slurred speech. Profile D (319 patients; 15%) included strokes with facial palsy, abnormal motor function on the right side, and slurred speech. Profile E (448 patients; 21%) included strokes with facial palsy and abnormal motor function on the left side. Profile F (765 patients; 36%) represented mild stroke with low probabilities of abnormal findings on all 15 items.
To evaluate the profile classifications, the 6 profiles were compared for demographic and disease risk characteristics (Table 1) . No significant differences across profiles were observed for race and history of diabetes mellitus. However, significant differences in age, sex, prestroke mRS, smoking status, history of hypertension, atrial fibrillation, coronary artery disease, congestive heart failure, prior stroke, and rNIHSS total score were observed. The profiles representing the more severe strokes, as indicated by higher rNIHSS total scores, included patients who tended to be older, not current smokers, had a history of atrial fibrillation, congestive heart failure, and prior stroke.
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Consistent with the profile patterns, the median rNIHSS total score decreased from the most severe Profile A (median [interquartile range], 20 [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] ) to the mild Profile F (1 [1] [2] ). Of note, 2 profiles falling between these extremes, C and D, both had median rNIHSS total score of 5, but different survival rates (Figures 2 and 3) . After adjusting for age, sex, race, and prestroke mRS, Profiles C and D had statistically significant different 90-day mortality and time-to-event survival rates (Table 2) . Compared with the most severe Profile A, Profile C was associated with 80% reduction in risk of 90-day mortality, whereas Profile D was associated with 88% reduction. Similarly for overall survival, compared with the most severe Profile A, Profile C was associated with 59% reduction in risk of death, whereas Profile D was associated with 70% reduction in risk of death. Recall that Profile C patients were more likely to have decreased level of consciousness and abnormal language, whereas Profile D patients were more likely to have abnormal right arm and right leg motor function.
To compare the performance of the profiles among patients with mild stroke, a secondary analysis was performed including only those patients with rNIHSS total scores that were ≤5. A total of 1362 patients with IS were included in this secondary analysis. There were 115 (8%) patients in Profile C, 161 (12%) in Profile D, 330 (24%) in Profile E, and 756 (56%) in Profile F. There were no patients in Profile A and only 8 patients in Profile B with rNIHSS total scores ≤5; thus patients in Profiles A and B were not included in the mild stroke analysis.
The median rNIHSS total score was highest in Profile D (4 [3] [4] [5] ) and lowest in Profile F (1 [1] [2] ). Even though, all patients had rNIHSS total scores ≤5, Profile C continued to show worse survival compared with the other 3 profiles (Figures I and II in the online-only Data Supplement). After adjusting for age, sex, race, prestroke mRS, and rNIHSS total score statistically significant differences among profiles were observed for discharge mRS ≤1 or back to baseline and overall survival (Table I in the online-only Data Supplement).
To validate these results, the 2005 profiles were applied to the data collected during the 1999 study period. Characterization of 1999 cases using the profiles yielded similar associations with outcome. A total of 2459 clinically defined IS cases among patients 20 years and older were identified in 1999, and again the first IS event for each patient within the period was used, of which, 40 cases were excluded because of missing rNIHSS assessment; 2277 cases were available for analysis. The median rNIHSS total score was the same during both study periods, 4 (interquartile range, 2-7). The demographic characteristics of the 1999 IS cases were similar to that of the 2005 cases; median age 74 years, 18% black, and 55% women (Table II in the online-only Data Supplement). Again, no significant differences across profiles were observed for race and history of diabetes mellitus. For cases from 1999, there was no difference for hypertension and coronary artery disease (Table II in the online-only Data Supplement). Significant differences in age, sex, prestroke mRS, smoking status, history of atrial fibrillation, congestive heart failure, prior stroke, and rNIHSS total score were observed. Again, Profiles C and D, both had similar median rNIHSS total scores of 5 and 4.5, respectively, but different survival rates (Figures III and IV in the online-only Data Supplement). After adjusting for age, sex, race, and prestroke mRS, Profiles C and D had statistically significant different 30-day and 90-day mortality, and time-to-event survival rates (Table III in 
Discussion
This is the first study to apply, and validate, LCA to the rNIHSS, resulting in the identification of 6 discrete profile patterns. This study showed that the LCA method of analyzing rNIHSS items in patients with IS provides an alternative approach for summarizing prognostic information for forecasting functional outcome and death compared with using the raw rNIHSS total score. In particular, 2 symptom profiles with identical median rNIHSS total scores but with widely disparate outcomes were identified. This observed difference in outcome may in part be because of more patients in Profile C having aphasia compared with patients in Profile D, which further emphasizes the issue with considering individual components equal, such that a single point on the NIHSS for aphasia is equivalent to a slight sensory loss, when the 2 likely have dramatically different impacts on outcome. As shown in Figure 1 , the profile patterns reflect the rNIHSS total score as well as the individual components. Patients with a high rNIHSS total score are more likely to fall into Profiles A and B as these profiles had high probabilities of abnormal score on several rNIHSS items. Consistent with previous studies, the patients with IS in these 2 profiles, because of high total rNIHSS, are more likely to experience poor outcomes compared with patients in the other profiles. 3, 4 When the rNIHSS total score is indicative of a less severe stroke (Profiles C-E), the profile membership can aid in patient prognosis, such that an IS patient with an rNIHSS total score of 5 is more likely to have a better outcome if a member of Profile D compared with an IS patient with rNIHSS total score of 5 but a member of Profile C. Differences in outcomes by profile membership remained among patients with IS when examining only mild stroke (defined by rNIHSS total score ≤5). The validation of the profile patterns on 1999 IS cases revealed similar findings, which suggest that we may be capturing true response patterns that are associated with functional and mortality outcomes. In addition, when comparing the 6 profiles for differences in demographic and disease risk characteristics, we found that the profiles representing the more severe strokes included patients who tended to be older, not current smokers, with history of atrial fibrillation, congestive heart failure, prior stroke, and higher rNIHSS total scores; similar to the findings noted by Kleindorfer et al. 15 Our findings among mild IS differ from those reported by Leira et al. 16 Their work indicated that increased prospectively collected baseline NIHSS total scores were associated with poor 3-month outcome, but that no individual NIHSS items or syndromic combination of NIHSS scores were found to be associated with outcome. This is not unexpected as there are substantial differences between our study and that by Leira et al. 16 First, the sample size for the Leira et al 16 study was much smaller, with a total of 194 mild patients with IS. The NIHSS combinations explored in the Leira et al 16 study were based on clinical syndromes used in clinical practice, not combinations generated in a modeling approach as was done in this study. Additionally, the functional outcome measure differed by both scale and timing. The Leira et al 16 study measured 3-month functional outcome based on both the Glasgow Outcome Scale and the modified Barthel Index, whereas the current study evaluated hospital discharge mRS scores. Last, the NIHSS scores were collected prospectively in the Leira et al 16 study, whereas the current study used rNIHSS scores.
One limitation of this study is that the data were collected retrospectively. Although the rNIHSS has been validated among the entire range of possible scores, it is possible that some discrepancies between the retrospective and prospective methods of scoring remain, thus limiting our generalizability to retrospectively scored NIHSS. For this analysis, rNIHSS items were dichotomized, which may limit the sensitivity because of loss of information. However, with this analytic method, there is a gain in interpretation of the profile patterns as probabilities reflected as the probability of an abnormal response for each of the rNIHSS items. The limited range of rNIHSS scores in our study may be because of the retrospective data collection and epidemiological study setting, and it further highlights the need for validation of the study findings in a prospective trial setting. Previous studies have also opted to dichotomize items even with prospective NIHSS assessments. 16 The LCA method requires a specification of the number of true classes in the population of interest. Although the adequacy of the number of classes selected was checked, it is possible that we over-or underestimated the number. Nevertheless, we were able to validate our findings in a similar but independent sample, which suggests that our model is correct.
In conclusion, the NIHSS is a well-validated and highly useful tool for capturing stroke severity, with uses in both the clinical and research setting. The rNIHSS profiles identified in this study might be clinically useful for prognosis and could conceivably be used in future clinical trial design. 14 (10, 17) 9 (7, 11) 5 (4, 7) 4.5 (3, 6) 3 (3, 4) 2 (1, 2) <0.01 IQR indicates interquartile range; CAD, coronary artery disease; CHF, congestive heart failure; rNIHSS, retrospective National Institutes of Health Stroke Scale. 
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